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Clover Ley Farming 
ROOT DISEASES IN WHEAT ON CLOVER LEY 
—Factors Under Investigation 
1. THE ROLE OF OATS AFTER LEY 
By S. C. CHAMBERS, M.Sc, Plant Pathologist 
The role of oats in relation to root diseases of wheat was examined 
at four of the State Wheat Research Stations. Several recognised patho-
genic organisms were isolated in the course of the investigation, the most 
important being Ophiobolus graminis, which is the cause of "take-all." 
Results suggest that one year under oats after clover ley is sufficient 
to reduce the incidence of take-all, except when seasonal conditions are 
extremely favourable to the disease. 
In areas where take-all is a problem, wheat planted after a first 
crop of oats can sometimes give a higher yield than a first crop of wheat. 
In this experiment, wheat as a first crop only gave the highest yield 
when the incidence of take-all was negligible. 
THE introduction of leguminous leys into cereal rotations has been one of the most important advances in crop production methods in Western Australia over the 
past 30 years. 
Yields have increased as a result of the improved soil fertility, but at the 
same time root rotting diseases have become far more prevalent in wheat crops. 
Root rots are caused by several soil standing is the inclusion of oats in rota-
borne fungi which attack the plant either tions, because it is resistant to the com-
singly or in various combinations. Recent mon strain of take-all in this State, 
surveys have shown that Ophiobolus gram- As many of the pasture grasses are sus-
inis (the cause of take-all) and Fusarium ceptible to this disease, the logical se-
spp, are the main fungi associated with quence after several years of pasture ley, 
root rotting of wheat in soils of improved is oats followed by wheat. However this 
fertility. system is unpopular with many wheat-
Control poses a difficult problem, especi- growers for two reasons:— 
ally as all the wheat varieties grown in First, because it introduces the prob-
Western Australia are susceptible to these lem of oat volunteers in the sub-
organisms, sequent wheat crop; and 
Because of this, many of the control Second, because the planting of wheat 
measures are based on cultural and rota- as the first crop is considered by 
tional practices aimed at reducing the many to give a greater monetary 
amount of fungal inoculum In the soil. return, even at the risk of incur-
One such recommendation of long ring root rots. 
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As there was little local experimental 
data to elucidate the relative merits of 
wheat and oats as first crops after ley, 
field trials were initiated for this purpose. 
is sometimes difficult to isolate all the 
specimens were also examined directly, 
for evidence of this organism. 
EXPERIMENTAL 
In 1958, a crop rotation trial was com-
menced at each of four research stations— 
Avondale, Chapman, Esperance and Won-
gan Hills—on clover ley pastures of at 
least five years standing. 
The selected rotations (Table 1) were 
common to all sites and were arranged so 
that all experimental plots would be under 
wheat in the 1960 season. 
The layout for each experiment was a 
simple randomisation of the six crop se-
quences within each of the four replica-
tions. The individual plots measured 
approximately 500 links in length by one 
seeding run in width, the latter varying 
with the type of drill at each station. 
All plots were initially cultivated with 
a mouldboard plough 14 days before sow-
ing, and further cultivated with disc 
harrows at the time of seeding. The 
times of planting and harvesting varied 
according to season and district require-
ments. At the conclusion of each season, 
the plots were grazed heavily until the 
cereal stubble had been almost eliminated. 
The incidence of root rotting diseases 
was assessed in the centre twelve rows of 
all plots in October 1960. In order to do 
this, each plot was stratified into six equal 
sections. Samples one metre in length 
were then taken from two rows per sec-
tion, the order of row selection being 
randomised beforehand. 
All samples were examined closely and 
any plants showing evidence of root rot-
ting were brought to the South Perth 
laboratory for further examination. 
Here, the suspect specimens were typed 
and isolations were made to cover all 
symptom expressions within each sample. 
The method of isolation was to wash the 
material several times with sterile water, 
plant on to potato dextrose agar contain-
ing 1 per cent. Marmite and incubate at 24° 
C. for 14 days. As Ophiobolus graminis 
RESULTS 
Results from microscopic examination 
of the isolates and specimens are sum-
marised in Table 1, together with the 
grain yields for 1960. 
The commonest pathogenic fungi assoc-
iated with root rotting at the four experi-
mental sites were Ophiobolus graminis 
and Fusarium avenaceum. A number of 
other fungi, including Curvularia ramosa, 
C. spicifera, Fusarium acuminatum, F. 
sporotrichioides, Helminthosporium sati-
vum and Rhizoctonia solani, were also 
isolated but only in trace amounts. 
Table 1 shows the incidence of root 
diseases and yields of wheat in relation 
to crop rotations at various research 
stations in 1960. 
DISCUSSION 
From the data presented it is evident 
that the relative merit of wheat or oats 
as a first crop after clover ley depends on 
the take-all potential of the particular 
area. 
Wongan Hills 
For example, at Wongan Hills, where the 
incidence of take-all was negligible, the 
highest yield was obtained from the wheat 
planted as a first crop after clover ley. 
Chapman 
However, at Chapman, this first crop was 
severely affected by O. graminis and it 
yielded significantly less than any of the 
wheat crops which followed oats. 
Avondale 
The value of oats for reducing the in-
cidence of take-all was illustrated by the 
results from Avondale, where the disease 
was more prevalent than at either 
Chapman or Wongan Hills. Here there 
was significantly less take-all where oats 
had been grown and the yields from these 
areas were comparable with that of wheat 
as a first crop after clover ley. 
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Esperance 
At Esperance, the incidence of take-all 
reached epidemic proportions and there 
was no difference between experimental 
plots, irrespective of their rotational his-
tory. Correspondingly, all yields were 
markedly depressed and not significantly 
different (Table l c ) . Unfavourable seas-
onal conditions were also partly responsible 
for these low yields, as all types of cereal 
produced badly at Esperance in 1960. 
The severity of the disease at Esperance 
is believed to be due to three factors. 
First, the soil is a light coastal type 
which tends to become fluffy through 
multiple cropping, thus favouring O. gram-
mis. 
Second, very heavy rains fell in July 
1960, water-logging all the wheat seedlings 
in the experimental areas for several days. 
Observations over past years have in-
dicated that root rotting is most serious 
when crop growth is retarded at an early 
stage by very wet soil conditions. 
Third, it is believed that the soil borne 
inoculum of take-all had reached a very 
high level in the experimental area, which 
had been down to pasture for eight years. 
The pattern in the build-up of take-all on 
properties being developed in the Esper-
ance Plains area was suggested by a survey 
in October 1960, when it was noted that:— 
(1) Wheat sown with pasture after 
the initial fallowing of new land 
was free from take-all. 
(2) The second crop of wheat sown 
after four to five years of clover 
ley had some take-all, but gave a 
reasonable yield. 
(3) The third crop sown after a fur-
ther four to five years clover ley 
was severely affected by take-all 
and almost a total loss. 
However, it is stressed that 1960 was 
exceptionally favourable to take-all at 
Esperance. Therefore, the results of the 
survey do not imply that all future crops 
of wheat, sown after eight or 10 years of 
clover ley will be severely affected by 
take-all. 
Multiple Cropping and Take-all 
The relative effects of multiple cropping 
and take-all on wheat yield may be gauged 
from the results obtained at three of the 
stations. 
At Wongan Hills, where take-all was 
negligible, the lower yield for a third suc-
cessive crop compared with that of a first 
crop reflected the depletion in fertility 
from multiple cropping (Table Id). 
At Avondale, the incidence of take-all 
was high in the first crop after pasture 
and the yields for this and the third suc-
cessive crop were not significantly differ-
ent (Table la). 
At Chapman, the relative incidence of 
take-all was even higher in this first crop 
after pasture, and its yield was signifi-
cantly less than that for the third suc-
cessive crop. (Table lb.) 
Other Fungi 
The role of the other common organism 
in the root rot complex (Fusarium aven-
aeeum) appeared to be secondary com-
pared with that of O. graminis. This may 
be deduced from the results at Wongan 
Hills where take-all occurred only in 
trace amounts, but yet there was no 
marked correlation between yield and the 
incidence of F. avenaceum. Furthermore, 
the obvious correlation between the in-
cidence of these two fungi at the other 
three experimental sites, suggested F. 
avenaceum readily invaded plants already 
weakened by take-all. 
The remaining pathogenic fungi were 
comparatively uncommon and there was 
no evidence of any relationship between 
their frequency of occurrence and crop 
rotation. 
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TABLE 1 
Incidence of Root Diseases and Yields of Wheat, after Various Rotations, in 1960 
(a) AV01TDALE RESEARCH STATION 
Crop Sequence 
1953 
Wheat 
Pasture 
Oata 
Wheat 
Pasture 
Pasture 
1959 
Oats 
Oats 
Wheat 
Wheat 
Wheat 
Pasture 
1960 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Mean Number of Stools per 40 feet of 
row affected by 
Ophlobolus 
graminis 
4-2 
13-5 
25-7 
60-2 
127-5 
117-5 
Fusarium 
avenaceum 
13-7 
10-7 
12-5 
28-2 
40-7 
59-5 
Root Rot 
Pathogens 
1 7 0 
25-2 
36-0 
67-7 
134-2 
130-0 
Yield 
(bush./acre) 
12-92 
13-33 
11-75 
12-00 
6-25 
11-42 
Analysis of data using transformation 
Ophiobolua 
graminis 
1-77 
3-44 
4-99 
7-67 
11-27 
10-69 
Fusarium 
avenaceum 
3 1 7 
2-84 
3-52 
5-09 
6-24 
7-60 
Root Rot 
Pathogen* 
3-93 
4-95 
5-92 
8-06 
11-58 
11-30 
Differences for significance—P — 0-05 4-49 1-80 1-91 2-02 
P -= 0-01 6-11 2-50 2-64 2-80 
(b) CHAPMAN RESEARCH STATION 
Crop Sequence 
1958 
Wbeat 
Pasture 
Oats 
Wheat 
Pasture 
Pasture 
1959 1960 
Oats 
Oats 
Wheat 
Wbeat 
Wheat 
Pasture 
Wheat 
Wheat 
Wheat 
Wbeat 
Wheat 
Wbeat 
Mean Number of Stools per 40 feet of 
row affected by 
Ophlobolus Fusarium 
graminis avenaceum 
0-5 
0-7 
0-2 
2-7 
1-0 
83-5 
17-0 
24-7 
29-5 
25-0 
34-0 
94-7 
Root Rot 
Pathogens 
17-7 
24-7 
32-0 
31-0 
38-0 
111-2 
Yield 
(bush./aere) 
34-7 
30-8 
30-8 
32-1 
28-7 
26-8 
Analysis of data using transformation 
Ophlobolus 
graminis 
0-35 
0-60 
0-25 
1-31 
0-71 
9-09 
Fusarium Root Rot 
avenaceum Pathogens 
4-05 
4-59 
5-27 
4-80 
5-77 
9-66 
4-14 
5-26 
5-63 
5-56 
6-08 
10-51 
Differences for significance—P = 0-05 3-3 1-30 1-78 1-34 
P = 0-01 4-5 1-79 2-47 1-88 
(c) ESFERAHCE RESEARCH STATION 
Crop Sequence 
1958 
Wbeat 
Pasture 
Oata 
Wbeat 
Pasture 
Pasture 
1959 
Oats 
Oats 
Wheat 
Wbeat 
Wbeat 
Pasture 
1960 
Wheat 
Wbeat 
Wheat 
Wheat 
Wheat 
Wheat 
Mean Number of Stools per 40 feet of 
row affected by 
Ophiobolua 
graminis 
89-7 
84-5 
91-7 
100-2 
76-7 
91-2 
Fusarium 
avenaceum 
86-2 
80-0 
81-5 
94-7 
80-5 
88-5 
Root Rot 
Pathogens 
95-7 
90-2 
tt-l 
111-2 
8 8 0 
104-5 
Yield 
(bush./acre) 
8-25 
7-55 
5-75 
7 0 5 
7-13 
7 0 5 
Analysis of data using transformation 
Ophlobolus 
graminis 
9-43 
9-09 
9-54 
9-95 
8-76 
9-51 
Fusarium 
avenaceum 
9-24 
8-86 
9-00 
9-68 
8-97 
9-34 
Root Rot 
Pathogens 
9-76 
9-40 
9-90 
10-53 
9-37 
10 16 
Differences—P - 0 05 level N.S. N.S. N.S. N.S. 
(d) WONGAN HILLS RESEARCH STATION 
Crop Sequence 
1958 1959 
Wheat 
Pasture 
OaU 
Wbeat 
Pasture 
Pasture 
Oats 
Oats 
Wbeat 
Wbeat 
Wheat 
Pasture 
1960 
Wheat 
Wbeat 
Wbeat 
Wbeat 
Wheat 
Wbeat 
Mean Number of Stools per 40 feet of 
row affected by 
Ophlobolus 
0-0 
0-0 
0-7 
1-0 
0-7 
7-7 
1 
Fusarium j Root Rot 
avenaceum Pathogens 
21-7 
19-0 
3 0 0 
47-2 
23-2 
22-2 
22-2 
19-0 
30-7 
49-0 
23-5 
29-0 
Yield 
(bush./acre) 
20-0 
23-8 
18-2 
19-6 
22-6 
26-4 
Analysis of data using transformation 
xl 
Ophlobolus 
graminis 
0 0 0 
0-00 
0-43 
0-68 
0-43 
2-17 
Fusarium 
avenaceum 
4-50 
3-98 
5-45 
6-81 
4-68 
4-83 
Root Rot 
Pathogens 
4-57 
3-98 
5-51 
6-74 
4-69 
6-14 
Differences for significance—P - 0-05 3-34 N.S. 1-37 1-38 
P - 0-01 4-63 .... 1-90 1-92 
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